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PROBLEM TO BE SOLVED: To obtain an ultrafine polypropylene fiber for nonwoven fabric, produced by 
melt-spinning method and having a fineness of <0.5 de. 

SOLUTION: This ultrafine polypropylene fiber is produced by adding 0.001-5 pts.wt. of a nucleation agent to 
form a &beta -crystal, to 100 pts.wt. of a homopolypropylene or an ethylene-propylene copolymer containing 
<=4 wt.% of ethylene unit and having a melt flow rate of 20-1 ,500 g/1 0 min, melt-spinning the obtained 
polypropylene resin composition under slow-cooling and highly drawing the produced undrawn yarn. A 
nonwoven fabric produced by using the ultrafine polypropylene fiber has improved liquid-retention as a battery 
separator and improved dust-collecting and filtering performance as a filter. 
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(74) [Attorneys) Representing All Applicants] 
[Patent Attorney] 
(57) [Abstract] 

[Problem] Offer of ultrafine polypropylene fiber for nonwove 
nfabric under fineness 0.5 denier due to melt spinning method 

[Means of Solution] Homopolypropylene or ethylene content 
where melt flow rate is 20 to 1500 g'lO irin polypropylene 
resin composition whichthe 0.00 1 to 5 parts by wdgfo adds 
nucleating agent which forms crystal vis-a-vis ethylene - 
propylene copolymer 100 parts by weight ofthe 4 wt% or less 
after melt spinning, altitude drawing unstretched fiber whichis 
acquired, under gradual cooling, it is a ultrafine polypropylene 
fiber which becomes, as for thenonwoven fabric which uses this 
ultrafine polypropylene fiber, with battery separator 
application liquid retention capacity improves, withthe filter 
application dust collection and filtration capacity improve. 


/1 o#?&£***°v?peu>£fci*x^u>^§ 


[Qaim(s)] 

[Claim 1] Horropolypropyiene or ethylene content where mel 
t flowrate is 20 to 1500 ^10 ilin polypropylene resin 
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corrposition whichthe 0.00 1 to 5 parts by weight adds 
nucleating agent which forms crystal vis-a-vis ethylene - 
propylene copolymer 100 parts by weight ofthe 4 wt% or less 
after melt spinning, drawing unstretched fiber which isacquired 
under gradual cooling, ultrafine polypropylene fiber which 
becomes. 

[Claim2] Drawing unstretched fiber where crystal content i 
s 15 % or higher, ultrafine polypropylene fiber which itstates in 
Claim 1 which becomes. 

[Claim3] Ultrafine polypropylene fiber which is stated in Qai 
m 1 or Qaim2 where fineness is under theO.5 denier. 

[C3aim4] Nonwoven fabric which consi&s of ultrafine polypr 
opylene fiber which is stated in Claim 1 to 3. 


[Description of the Invention] 


[0001] 

**wh\ mmmmt^jz? 

[0002] 

abriii, ^«*t»*-r*«ita*«ii< L^it*«a« 
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[0003] 
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ho 


[0001] 

[Technological Field of Invention] His invention regards, higfi 
drawing ultrafine polypropylene fiber especially battery 
separator, regards the mask and ultrafine polypropylene fiber 
for various filter or other nonwoven fabric. 

[0002] 

[Prior Art] Generally, necessary function which is sought as non 
woven fabric for the filter is that dust collecting property is 
high, necessary function which issougjit as nonwoven fabric for 
battery separator is that liquid retention capacity is high. In 
order to raise these functions, it is necessary to make fiber 
diameterwhich forms nonwoven fabric thin and to designate 
nonwoven fabric construction as dense. But, when 
polypropylene resin is designated as starting material, with 
conventional melt spinning method fromthe limit of draw ratio, 
only fiber of fineness of 0.7 denier extent it isacquired, as for 
making ultrafine of polypropylene fiber feet that it is difficultis 
present state. In addition, if it is a melt blowing method not to 
be a melt spinning method, nonwoven fabric of theextremely 
thin fiber of polypropylene is production possible, but with this 
technique, the manu&cturing cost is high, it has possessed 
problem that at same time thestrength of this said nonwoven 

fabric is low. 
[0003] 

[Problems to be Solved by the Invention] Objective of this inve 
ntion is to offer ultrafine polypropylene fiber for nonwoven 
fabric under thefineness 0.5 denier fromabove-menti< 
viewpoint, with melt spinning method . 
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[0004] 

[Means to Solve the Problems] As for these inventors, in order 
that above-mentioned problem is achieved,as for result of doing 
diligent research , feet that polypropylene fiber of thefineness 
under 0.5 denier is acquired composition which adds crystal 
nucleating agent tothe polypropylene which had specific 
fluidity after melt spinning, bydrawing under gradual cooling 
was discovered, this invention was completed namely, this 
invention homopolypropylene or ethylene content where melt 
flow rate is 20 to 1500 nin thepolypropylene resin 
conposition which 0.00 1 to 5 parts by weight adds nucleating 
agent which forms crystal vis-a-visthe ethylene - propylene 
copolymer 100 parts by wei^it of 4 wt% or less after melt 
spinning, drawing unstretched fiberwhich is acquired under 
gradual cooling, is ultrafine polypropylene fiber which becomes. 


[0005] 
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[0005] 

[Embodiment of Invention] 1. polypropylene 

As for polypropylene in this invention, melt flow rate (Below , 
MFR you call) homopolypropylene or ethylene content ofthe 
20 to 1500 g/10 nin and preferably 30 to 500 g^lO nin is 
ethylene - propylene copolymer of 4 wt% or less. When MFR 
of polypropylene is under 20 g^lO mm, draw ratio does notrise 
and in stretching process after melt spinning ultrafine 
polypropylene fiber is not acquired. In addition, when MFR 
exceeds 1500 g^lO nin, fluidity being toohigh, thing itself 
which does melt spinning it becoms difficult. In case of 
ethylene - propylene copolymer, ethylene content is 4 wt% or 
less and preferably 2.5 wt% or less. When ethylene content 
exceeds 4 wt%, fromfact that crystallization tenperature of 
theethylene - propylene copolymer becomes low, melt adhesion 
of polypropylene fiber happens and it becomesdifficult to do 
melt spinning. Furthermore, as for molecular wdght 
distribution (Mw/Mn) due to GPC method of polypropylene, it 
isdesirabletobea2to6. If it is inside this range, hindrance 
comes to melt spinning and drawing^nd is not. When 
molecular weight distribution exceeds 6, there is a possibility 
stretching propertybeing impaired with influence of high 
molecular weight component, is not desirable. 

[0006] 2. crystal nucleating agent 

Regarding to this invention, as nucleating agent which forms 
crystal which ituses, is acquired by melt spinning if it is a 
crystal nucleating agpnt which promotes the crystal 
conversion of crystal systemof polypropylene unstretched 
fiber which, it is good any kindof ones, but especially, you can 
list - quinacridone , two components forningnucleating 
agent or amide type compound etc. 
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R2-NHCO-R1-CONH-R3 (1 ) 
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[0007] Two conponenls forming nucleating agent, being a 

crystal nucleating agent which is formed by nixing the 
component A and component B, it is stated in Japan 
Unexamined Patent Publication Showa 61 - 28 1 10 5 disclosure, 
namely, component A is organic dibasic acid , for example 
pimelic acid , azelaic acid , o - phthalic acid and terephthalic 
acid and isophthalic acidetc, component B oxide of Group II 
metal, for example magnesium , calcium, strontiumand 
barium, is hydroxide or acid salt, acid salt of component B is 
inorgpnic acid or organic acid, for example carbon dioxide and 
stearic acid or other salt Inaddition, component B maybe 
one of additive which alreadyexists in propylene compositioa 

[0008] As amide type compound, it is a amide type compound 
which is stated in Japan Unexanined Patent Publication Hei 8- 
144122 disclosure. You can list amide type compound of one 
kind or 2 kinds or more which are displayedwith namely, 
General Formula ( 1) or (2). 

R2-NHC0-Rl-O)NH-R3 (1) 

(In Formula, Rl aliphatic carboxylic acid residue of carbon nu 
mber 1 to 24 saturated or unsaturated, displays cycloaliphatic 
dicarboxylic acid residue ofthe saturated or unsaturated of 
carbon number 4 to 28 or aromatic dicarboxylic acid residue of 
carbon number 6 to 28. R2 and R3 display gro^p which is 
shown with thealike or different , caitonnumber 3 to 18 
cycloalkyi group , carbon number 3 to 12 cycloalkenyi group , 
General Formula a, General Formula b, General Formula c or 
theGeneral Formula d ] 

[0009] 

[Chemical Formula 1] 


(In Formula, R4 alkyi groip of carbon number 1 to 12 straight 
chain or branched chain or alkenyi group of thecarbon number 
2 to 12 straight or branched, displays carbonnumber 6 to 10 
cyanoalkyl group or phenyl group. ] 

[0010] 

[Chemical Formula 2] 


(In Formula, as for R5R4 in General Formula a and it issynony 
mous. ] 
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[0 0 1 1 ] 

nt3] 


[0011] 

[Chemical Formula 3] 


— r6 



(o) 


[0 0 1 2] 

[lb 4] 


(d> 


(In Formula, R6 displays alkyiene group of carbon lumber 1 to 
4 straight or branched ] 

[0012] 

[Chemical Formila 4] 


[0 0 13] 

R9- CONH-R8-NHCO-R1C 


(2) 


MC*. R8|*-<SS (1) Kfclt^Rl^ R9|*-aS5i 
(1) lcfc(t-5R 2 i:> Riott-jft* (1 ). lcfcl*4R3 

7*l/>i/*^#^>7 5Kv N, N' -vv^P^* 

v75h\ N. N' -vv<7P^^^>^;U7tC-;u- p 
-7i-l/>575>, N, N ' -v*>l/-f JU-1, 
4-V7S; v?P^*-*>S|/)<^{f 6*1, Z*lb<&£ 


[0 0 1 4] '*XHR£IVC, lit 

•;^peu>i oomseutftLT 

3, $?£L<l*0. 0 0 5-111 

5Sgg&£ig*.T^*LTfc£!j 


0. 001-511 

Sfl-efc^o o. oo 

JgCto sis its 


[0 0 15] 3. *<bito<Dmbnffl 


(In Fornula, as for R7R6 in General Fomrilac and it issynony 
mous. ] 

[0013] 

R9-OONH-R8-NHCO-R10 (2) 

(In Formila, as for R8 as for Rl and R9 intheGeneral Formula 
(1) as for R2 and RlO in General Formula (1) R3 in theGeneral 
Formila (1) it is synonymous respectively. ] 

Cbncretely, N^-di cyclohexyl - 2,6 - naphthalene dicarboxy 
amide , N,N-<li cyclohexyl terephthalanide , N,N-di phenyl 
hexane di anide , N^T-di cyclohexane carbonyl -p- 
phenylenedairine andKN-di benzoyl - 1,4-di amino 
cyclohexane etc are listed, are sold as these crystal 
nucleating agent,as NJStar (tradename) from New Japan 
Chemical Co. Ltd (DB 69-057-6236). 


[0014] Regarding to this invention, compounded amount of 
crystal nucleating agent is 0.00 1 to 5 parts by weight and the 
preferably 0.005 to 1 part by weight vis-a-vis polypropylene 
100 parts by weight. Under 0.00 1 part by weight, crystal is 
difficult to form in unstretched fiber, on onehand, exceeding 5 
parts by weight, containing, superiority of effect is 
notrecognized, causes yarn break etc conversely at time of 
yarn-spiiming. It is possible to conbine this said nucleating 
agent, at time of polypropylene composition preparation and, 
theto master batch converting, polypropylene composition 
and dry blend it is possible to do. 

[0015] 3. other additive 

Modifier for polyolefin of as needed prior public knowledge can 
bejoindyusedinlheultrafins polypropylene fiber of this 
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1 


invention according to use objective. It is a for example 
antioxidant , a ultraviolet absorber , a photostabilizer , a 
antistatic agent , a surfactant , a neutralizing agent , a 
dispersant , a epoxy stabilizer , a plasticizer , a lubricant , a 
antibiotic, a fire retardant , a filler, a blowing agent, a 
foaming aid ,a crosslinking agent , a crosslinking auxiliary 
agent and a pigment etc. As antioxidant, you can list phen 
type antioxidant , phosphorus type antioxidant , sulfur type 
antioxidant and the amine type antioxidant and vitamin etc. 
metal soap , hydrotalcite (DANA 16b.6.2.1) and lithium 
aluminum compound hydroxide salt , you can list the silicate , 
metal oxide and metal hydroxide etc as neutralizing ag 
which combines the dispersant. 


[0016] Manufacturing method of 4. ultrafine polypropylene fib 
er 

( 1) Production of polypropylene unstretched fiber 

Formation of polypropylene undrawn fiber generally is done by 
melt extrusion molding. By for example polypropylene 
undrawn polypropylene yarn is acquired melt spinning doing 
through spinneret, stretching property of unstretched fiber 
which is acquired with melt extrusion molding making use ofthe 
crystal nucleating agent containing polypropylene 

ition of this invention, this way in order to improve, to 


cor 


crystalconverting from crystal system of polypropylene 
unstretched fiber has necessity. This is because crystal of 
polypropylene it is a crystal system which is easy todeteriorate 
with external force . Therefore, as for crystal systemof 
polypropylene unstretched fiber it is desirable for crystal 
cortfenttobel5%orhigher and preferably 30% or higher. 
When crystal content of crystal systemof polypropylene 
unstretched fiber is under 15%, crystalit cannot utilize 
feature which is easy to deteriorate with theexternal force 
cannot see improvement of draw ratio for most part, isnot 

desirable. 

[0017] Gradual cooling fiber which yarn-spinning is done it is ne 
cessary at thetime of melt spinning under existing of crystal 
nucleating agent as method whichpromotes crystal 
conversion of crystal of polypropylene unstretched fiber, to do. 
Regarding to this invention, gradual cooling at time of melt 
spinning, it meansthe fact that atmospheric temperature which 
100 to 150 cm leaves from spinneret is keptin 30 °C or 
higher. When fiber which yarrhspinning is done, quench is 
made under the30°C, this said crystal nucleating agent as 
action of opposite reaches point where itworks as nucleating 
agent of crystal, crystal stops being formed in the 
unstretched fiber. As a result, improvement of draw ratio stops 
being seen with stretching processafter. In addition, feet that 
etc furthermore heating and tenperature maintenance it does 
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spinneret directly belowas technique of fonmtion pronDtion of 

crystal of polypropylene unstretched fiber, orincreases 
cooling air temperature is effective method. 


[0018] (2) Drawing operation 

extremely thin fiber is produced by drawing polypropylene unst 
retched fiber which is acquired atdescription above. To do with 
nultistage of single stage or 2 stages or more it is possible the 
drawing operation. As for drawing temperature, melting point 
or lower of crystal of polypropylene is desirable, inrange of 
70 to 140 °Q does oven, hotplate and farinfrared 
irradiation etc as theheat source. In addition, draw ratio can 
acquire ultrafine polypropylene fiber under 0.5 denier which 
ismade objective by making 8 to 1 6-fold and preferably 8 to 
1 3 times. 

[0019] (3) Thermal processing 

Ultrafine polypropylene fiber which it acquires in this way, adi 
nisters according to need and the heat treatment. Inside range 
of 80 to 170 °C and preferably 100 to 165 °Q 0.5 to 3 0 
nin and preferably 1 to 20 irin itdoes this heat treatment 
generally, thermal contraction of ultrafine polypropylene fiber 
can be controled with this heat treatment . 

[0020] 5. ultrafine polypropylene fiber and its nonwoven fabric 


tJlWl 


Because ultrafine polypropylene fiber of this invention is 
cedwith above-menti onedmethod making use of above- 
mentioned polypropylene composition, fineness of 
polypropylene fiberbecomes extremely thin fiber under 0.5 
denier, using polypropylene extremely thin fiber which is 
acquired, it forms polypropylene nonwoven fabric withthe wet 
process, sintering method, needle punch method, carding 
method, crosslayer method , random web method andthe air 
forming method etc. Furthermore, according to application 
hot-melt adhesion forming nonwoven fabric withthe hot roll, 
etc battery separator or filter it can form Because nonwoven 
fabric from polypropylene extremely thin fiber which is 
acquired with this invention hasthe fineness under 0.5 denier, 
with battery separator application liquid retention capacity 
improves, with the filter application dust collection and 
filtration capacity inprove. As for nonwoven fabric from 
polypropylene fiber which exceeds 0.5 denier, with the battery 
separator application with decrease and filter application of 
liquid retention capacity decrease or other problem ofthe dust 
collection and filtration capacity occurs and is not desirable. 


[0021] 

[Working Example(s)] Below, this invention is explained in det 
ail with Working Exanple. test method in Working Example 
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is as follows. 


(1) MFR: J IS K 7 2 1 0 IZJ: y ftB 2 . 1 
6 kg, 2 3 O/tlCTSISLfco 

(2) : GPCfCT;lJ5£Lfc«> 

X|§[e]STgM£fflt\ ffi^4 5 k v x 2 5 OmA, 
KB 20 : 5~3 0 d e g, j£S2S4 d e g/#<B& 

[A. Turner Jonesb* Macromo 
I. Chem. ,7 5, 134 (1964) 


K = H ip) / [H (0) +H (oM) +H (a-2) + 
H (a3) ] x 1 00 (96) . 


fc«U H : jBA (300) 


H (or) : OfS (1 10) SfDIsl&rttS 
H (a 2) : a B B B (0 4 0) ®0>[H]tfT3$g 
H (Of 3) : Of as (1 3 0) ®0Ih3»t5£S. 
(4) «»E#f»*0)lrffl: H#lS(=feV"C, 20» 


[0 0 2 2] 

MFR^30g/10», tt^gtt* (Mw/Mn) 
4 0)?h ; E/t° , J^DtfU> (HPP) 1 OOMSSPI-, 
ftRkltSJi LT I r. 1010ltfl r. 168 

£#*0. 0 5SSSP, +»»i:LT*JU 

(SrS*B<b (*k) S) $0. 0 5SS 

Omm#0)»ajrt»«f="C2 3 0°C. 75rpm<0X£ 

1^ o 


[0 0 2 3] »btlfc#U 
m0 X 3 Oft) £JfH*T, 

Sfi*;Sg2 5 0°C, £3*3 
6 1.0-0 cmtttltc&B 

o ) 4o°cT*?§i4i$fr*u 


h$fi*ffi (S^fX : 0. 3m 
ttffifiO. 2 2g/»/^, 
g500m/», 
ft zftS (&T#»»8fct*5 

0 B B B <&9J£l*9O%T-fco*: 
K3 0m/^ 7-r-Kn- 


(1) MFR : It measured with load 2.16 kg and 230 °C duetoJIS 
K7210. 

(2) Molecular weight distribution : It measured with GPC . 

(3) crystal content: Output 45 kVX 250 nA, it measured 
with condition of measurement range 2 :5to30deg and the 
scan rate 4 deg per ninute polypropylene unstretched fiber 
those which cutting are made powder makmg useoftheLtdMac 
Science Co. make wide angle x-ray diffraction equipment, 
sought crystal crystal content K from formula below [A 
Turner Jones and others and Macroni)lecdar Chemistry and 
Physics (1022-1352, MCHPES) ,75,134(1964) reference]. 

K=H( )/[H( ) + H( 1) + H( 2) + H( 3)]X100(%). 


However, H( ) : Diffraction intensity of crystal (300) asp 
ect 

H( 1): Diffraction intensity of crystal (110) plane 

H( 2):DiffiBctionintensityof crystal (040) face 

H( 3): Diffraction intensity of crystal (130) aspect 

(4) Appraisal : of maximum draw ratio In stretching process, it 
made draw ratio of upper limit which yarn break due tothe 2 0- 
rrinute drawing does not occur. 

[0022] Working Example 1 

MFR30^10nin and molecular weight distribution (Mw/Mn) 
calciumstearate 0.05 parts by weight added 0.05 parts by weight , 
the and crystal nucleating agent NJStar ( New Jap 
Chemical Co. Ltd. (DB 69-057-6236) make) to 
homopolypropylene (HPP) 1 00 parts by weight of 4, each 0.05 
parts by weigfo , withthe Ir. 1010 and Ir.l68(Gba-Geigy 
make) as neutralizing agent as antioxidant, after 
blendingrrakirig use of superrrixer, with extrusion molding 
machine of 50 mm diameter melt nixing didwith screw 
rotations of 230 °C and 75 rpm, acquired polypropylene of 
the pellet. 

[0023] Polypropylene pellet which it acquires extrusion amoun 
1 0.22 g/minute / hole, melt spinning was done withthe 
atmospheric temperature (You call cooling temperature below . 
) 40 °C which 100 cmleaves from spinning temperature 250 
°C, windup speed 500 w/nin and spinneret nraking use of 
gear pump equipped multifilament spinning machine ( die :0.3 
nmdiameter X 30 hole), unstretched fiber ofapproximately4 
denier was acquired Ratio of crystal which is included in 
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JU;fig90°C, I#^t-*-ag130^ KP- 
(6*1*9 ft*, 8. 5ftE#C:T«gO. 4 7f--ib 


unstretched fiber was 90 %. Next, heater temperature 130 °C 
of feed speed 30 ro/nin, feed roll tenperature 90 °C and 

x j i 

draw point, drawing wasdone under condition of draw roll 
tenperature 110 °C rnaxinum draw ratio with 9 times, 
acquired fiber of fineness 0.47 denier with the8. 5 times drawing 


[0024] 55 

-K*fcf-K3 0m/*h 7-f-KP-M^ag9 0«fc, 
o°c<D£ttT-eS# £frofc. S©E#ft*i*i 2«-c 

. 1 mttCtt'KO; 3 9x--;KD«tt$fffco 


[00 2 5] £ 


MFR4<2 0 0 g/1O», »M»**3. 3fl)*^ 

htto)* 0, ;^peu>$»fco WbtifcTK'j^ptf 

ooic .SMSSsoom/^ »aafi4oice» 

K^ftSjS JI<oSJ£iS8 y%vfoitz* 
-Kxe-K3 0m/^ 7-r-Ka-jufig9 0 c C, 

B#jS«)t->-agi 3o°c, Ka-a-juun 1 

0^a>*frF"ett#*frofc. £ii5&#ft*i*1 4ftT? 
, 1 3ftB#l::T*EO. 3 2 7--)is<Dm&£mz 0 


[0 0 2 6] HJ6WI4 
MFR*«100g/10», »?i»fti<3. 9, If 

{* (rpp) *jbi\ x*s>x**hmo»* o. ii 
#y:7D]fu:/ftiifc. ^b*ifc^'j^pfcfu>^u^ 

X. RtttgO. 2 2g/»/^ i*;£g19 0t, ^ 
M3g5 0 0m/^ >&a;Sg4 0 o CT*?§ilillft*L> 


[0024] Working Example 2 

MFRother than 100 g^lOnin and molecular weight distributio 
n use homopolypropyiene of the3.6, polypropylene of pellet 
was acquired to Working Example 1 similar, polypropylene 
pellet which is acquired extrusion amount 022 gfannute / hole, 
spinning temperature 220 °C andthe winding taking velocity 
500 mfain , melt spinning was done with cooling temperature 
40 °C making useof multifilament spinning machine which is 
similar to Working Example 1, unstretched fiber of 
approximate^ denier was acquired Ratio of crystal which 
is included in unstretched fiber was 88%. Next, heater 
temperature 130 °C of feed speed 30 mfain, feed roll 
temperature 90 °C and draw point, drawing wasdone under 
condition of draw roll temperature 1 10 °C. maximum draw 
ratio with 1 2 times, acquired fiber of fineness 0.39 denier with 
thel 1 times drawing. 


[0025] Working Example 3 

MFR other than 200 ^10 nin and molecular weight distributio 
n use homopolypropyiene of the3.3, polypropylene of pellet 
was acquired to Working Example 1 similar, polypropylene 
pellet which is acquired extrusion amount 022 g/minute / hole, 
spinning temperature 200 °C andthe winding taking velocity 
500 mfrrin , melt spinning was done with cooling temperature 
40 °C making useof multifilament spinning machine which is 
similar to Working Example 1 , unstretched fiber of 
approximately4 denier was acquired. Ratio of crystal which 
is included in unstretched fiber was 87 %. Next, heater 
temperature 130 °C of feed speed 30 m/nin , feed roll 
temperature 90 °C and draw point, drawing wasdone under 
condition of draw roll temperature 1 10 °C. maximum draw 
ratio with 1 4-fold, acquired fiber of fineness 0.32 denier with 
thel 3 times drawing. 

[0026] Working Example 4 

MFR lOOg'lOnin and molecular weight distribution 3.9 and e 
thyiene content other thandesignating NJStar addition quantity 
as 0. 1 parts by weight making use of ethylene - propylene 
copolymer (RPP) of the0.5 weight %, acquired polypropylene 
of pellet to similar to Working Example 1 . polypropylene 
pellet which is acquired extrusion amount 0.22 gfaanute / hole, 
spinning temperature 190 °C andthe winding taking velocity . 
500 m/irin , melt spinning was done with cooling tenperature 
40 °C making useof multifilament spinning machine which is 
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0)t-*-;fig1 2 0°C, KD-P-JU;fig1 1 O°C0) 


[0 0 2 7] H!S^5 

MFR^100g/10», ^§W3. 8. X^ 
0.2 2 g/#/ft> tt*Sa 1 9 0°C, gSXlXilgS 

Sj^tt5o%-efeofco X^x-s Kao 


[0 0 2 8] 

MFRA<100g/10», 3. 6, X* 

2 2g/»/^ tfi*;figi 9 0°C, tmiK5 0.o 

m/fl\ ^»;flg4b < tT?5SBl*e*L, ^4f-HKD 
li3 5%tJDof; 9 *t^ % 7vf"KXt-K30m/ 

# % 7-r-KP-;u;Sg9 0°c, g#j&<&fc-*-£g 
1 1 o°c, KP-P-JUSK1 1 ot^MTtSWJ 
ffofc. «»ffi#ft*l*9tt-e, 8. eftEttC-cttg 

0. 4 7f--^UIS»fc. 


[0029] mmwn 

$ffll^T, tttbSO. 2 2 g/#/rt, tfi^Sg2 2 0 


similar to Working Example 1 , unstretched fiber of 
approxirmtely4 denier was acquired Ratio of crystal which 
isiix:ludedhtMsun^etchedfiberwas65%. Next, heater 
temperature 120 °C of feed speed 30 irfmin, feed roll 
temperature 90 °C and draw point, drawing wasdone under 
condition of draw roll temperature 1 10 °C. nsximumdraw 
ratio with 1 0 times, acquired fiber of fineness 0.44 denier with 
the9. 5 times drawing . 

[0027] Working Example 5 

MFRlOOg'lOnin and molecular weight distribution 3.8 and 
thylene content other thandesignating NJStar addition quantity 
as 0. 1 parts by weight making use of ethylene - propylene 
copolymer of thel .5 weight %, acquired polypropylene of 
pellet to similar to Working Example 1 . polypropylene 
pellet which is acquired extrusion amount 022 gfainute / hole, 
spinning temperature 190 °C andthe winding taking velocity 
500 m/nin , melt spinning was done with cooling temperature 
40 °C making useof multifilament spinning machine which is 
similar to Working Example 1 , unstretched fiber of 
approximate^ denier was acquired Ratio of crystal which 
isincliKledinthisuristretchedfiba was50%. Next, heater 
temperature 1 10 °C of feed speed 30 m/nin , feedroll 
temperature 90 °C and draw point, drawing wasdone under 
condition of draw roll temperature 1 10 °C maximum draw 
ratio with 9. 5 times, acquired fiber of fineness 0.45 denier with 
the 9 times drawing. 

[0028] Working Example 6 

MFR 100 g^lO nin and molecular weight distribution 3.6 and 
thylene content other thandesignating NJStar addition quantity 
as 0.1 parts by weight making use of ethylene - propylene 
copolymer of the2 wt%, acquired polypropylene of pellet to 
similar to Working Example 1 . polypropylene pellet which is 
acquired extrusion amount 0.22 gfainute / hole, spinning 
temperature 190 °C andthe winding taking velocity 500 
m/nin , melt spinning was done with cooling temperature 40 
°C making useof multifilament spinning machine which is 
similar to Working Example 1 , unstretched fiber of 
approximately^ denier was acquired Ratio of crystal which 
is included in this unstretched fiber was 35 % Next, heater 
temperature 1 10 °C of feed speed 30 mfain , feedroll 
temperature 90 °C and draw point, drawing wasdone under 
condition of draw roll temperature 1 10 °C maximum draw 
ratio with 9 times, acquired fiber of fineness 0.47 denier with 
the8. 5 times drawing . 

[0029] Working Example 7 

Making use of pellet homopolypropylene which is manufacture 
d with Working Example 2, this the extrusion amount 0.22 
g/ninute/hole, spinning temperature 220 °C and winding 
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°c ttflkaass oom/», ^iP;ag3 o°cz-mm$} 

(c££;ft£0 B 1^SJ£l*3O%T*fcof;:o 2fcl>"C, 
-Kxe-K3 0m/^ 7-f-KP-JUaS9 0°C, 

B#/S0t»*-ag1 2 0°C, K-D-DHHS1 1 
,9. 5fSS#IZt«gO. 4 4x--^CD«*l$^fc 


[0 0 3 0]"Jt««1 

Pti/>1 0 0M»i:, MRjtJBiLt I r. 10 

1 OJttf I r. 168 C*/<*-f £&*0. 0 

Lfc&* 5 Omm*0)ffaj*»W-"C2 3 0°C, 75 r 

[003 1] ^btifc7K';^Dt°u>^L/^ h^seasw 
o. 2 2 g /#/^ tt&a52 5o°c, *nnss5 

0 0m/», J»4paff4 0 < t-C»lllfi*Li *54t-- 

;u<&*B#*£$fc«> c<&*B#;k4Mz#£*ia0 B s B <B 

ffl*l40%T?&ofc. *l\-C* K3 0m 

Si 3 o°c; Ko-n-;uasi i o°c<DSM+TT*B# 


[0 0 3 2] it&0!2 

3.- 6 0*^ 

2 20°C, gKlSggSOOm/Jh ^a;Sg4 0°Cr* 

7-f-Kxe-K3 0m/#, 7-r-KP-;mS9 0 

°c B#^<Dt— *-asi 3o°c, kp-p-;uss 

1 1 O o C0£ttT*t*B#£ftofc o *«E#fS*l4 6. 

6ft*-cLfraa#r, 6teB#[cTi$go. 7f-- 


taking velocity 500 nYnin , melt spinning was donewith 
cooling tenperature 30 °C making use of nultifilament 
ginning machine which is similar to Working Example 1 ,the 
unstretched fiber of approximately 4 denier was acquired Ratio 
of crystal which is included in this unstretched fiber was 30 
%. Next, heater temperature 120 °C of feed speed 30 nYnin , 
feed roll tenperature 90 °C and draw point, drawing wasdone 
under condition of draw roll temperature 1 10 °C maxinum 
draw ratio with 10 times, acquired fiber of fineness 0.44 denier 
with the9. 5 times drawing . 

[0030] Conparative Example 1 


MFR30g^l0min and molecular weight distribution in h 
lypropylene 100 parts by weight of 4, afterblending including 0. 
05 parts by weight, making use of supernixer, with extrusion 
molding machine of 50 ran diameter melt mixing did calcium 
stearate with screw rotations of 230 °C andthe 75 rpmeach 0. 
05 parts by weight , with Ir. 1010 and Ir. 168 ( Qba-Gdgy 
make) as neutralizing agent asthe antioxidant, acquired 
polypropylene of pellet. 

[0031] Polypropylene pellet which it acquires extrusion amoun 
1 0.22 gfainute/ hole, spinning temperature 250 °C and 
windingtaking velocity 500 nVnin , melt spinning was done 
with cooling tenperature 40 °C making use of 
thenultifilament spinning machine which is similar to Working 
Exanple 1 , unstretched fiber of approximately 4 denierwas 
acquired Ratio of crystal which is included in this 
unstretched fiber was 0 %. Next, heater temperature 130 °C 
of feed speed 30 nYnin, feed roll temperature 90 °C and 
draw point, drawing wasdone under condition of draw roll 
tenperature 1 10 °C imxinoim draw ratio could arrive to only 
6-fold, with 5. 5 times drawing could acqtdreto only fiber of 
fineness 0.75 denier. 

[0032] Comparative Exanple 2 

MFR other than 100 g^lOnin and molecular weight distribute 
n use homopolypropjdene of the3.6, polypropylene of pellet 
was acquired to similar to Conparative Exanple 1 . 
polypropylene pellet which is acquired extrusion amount 0.22 
gfainute/hole, spinning tenperature 220 °C andthe winding 
taking velocity 500 nYnin , melt spinning was done with 
cooling temperature 40 °C making useof nultifilament 
spinning machine which is similar to Working Exanple 1 , 
unstretched fiber of approximately denier was acquired Ratio 
of crystal which is included in this unstretched fiber was 0 %. 
Next, heater tenperature 130 °C of feed speed 30 nVmin, 
feed roll tenperature 90 °C and draw point, drawing wasdone 
under condition of draw roll temperature 110 °C maximum 
draw ratio could arrive to only 6. 5 times, with 6-fold drawing 
could acquireto only fiber of fineness 0.7 denier. 
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[0 0.3 3] Jtttffl3 

MFR^200g/10», #*fi»*^3. 

2 0 0°C. *»»SB5 0 0m/$h ^SJg4 O^T- 
7-f-K^lf-K3 0m/», 7-f-KD-;HS9 0. 

°c E#£a>t-*-£gi 3ot, KD-D-;i/ae 

1 1 o^a>ftttT"eB#Sffofc. MS#tt*l*7tt 


[0034] tt««4 

mso. 2 2g/»/^, tt*iK2 6o%, nu 

S5 00m/», *SPiME2 0°CT?S81tttt*U »4f 

— 3o°c, Kp-p-jb»gi 1 o^osh* 


[0033] Conparative Exanple 3 

MFR other than 200g^l0nin and molecular weight distributio 
n use homopolypropylene of the3.3, polypropylene of pellet 
was acquired to similar to Conparative Exanple 1. 
polypropylene pellet which is acquired extrusion amount 0.22 
gfainute/hole, spinning tenperature 200 °C andthe winding 
taking velocity 500 m/min , melt spinning was done with 
cooling temperature 40 °C making useof multifilament 
spinning machine which is similar to Working Exanple 1, 
unstretched fiber of approximately denier was acquired Ratio 
of crystal which is included in this unstretched fiber was 0 %. 
Next, heater temperature 130 °C of feed speed 30 m/min , 
feed roll temperature 90°C and draw point, drawing wasdone 
under condition of draw roll temperature 1 10 °C maximum 
draw ratio could arrive to only 7 times, with 6. 5 times drawing 
could acquireto only fiber of fineness 0.6 denier. 

[0034] Conparative Exanple 4 


extrusion amount 0.22 gfainute/ hole, spinning tenperature 2 
50 °C and winding taking velocity 500 nrtrin , melt spinning 
it didwith cooling temperature 20 °C polypropylene of pellet 
which is manufactured with theWorking Example 1, making use 
of multifilament spinning machine which is similar to Working 
Example 1 , acquiredthe unstretched fiber of approximately 4 
denier. Ratio of crystal which is included in this unstretched 
fiber was 9.6 %. Next, heater tenperature 130 °C of feed 
speed 30 m/min, feed roll temperature 90 °C and draw point, 
drawing wasdone under condition of draw roll temperature 1 10 
°C. maximum draw ratio could arrive to only 6. 5 times, with 
6-fold drawing could acquireto only fiber of fineness 0.69 denier. 


[0035] J±4£015 

iiJgO. 2 2g/»/^ l|Sfi*ag2 2 0°C, 

g5 0 0m/fl\ #O»g2-0 < t-i?jg*tt*'U fJ4f 

K3 0m/^ 7-f-KP-;U^g9 0°C, g#SOt 

-#-agi 3 0^ KP-P-;u;flgi 1 o°C0£# 

Mitts 7f&S#lCT«gO. 5 7T--)U0>m&*V 


[0035] Comparative Exanple 5 

extrusion amount 0.22 gfainute / hole, spinning temperature 2 
20 °C and winding taking velocity 500 mfrrin , melt spinning 
it didwith cooling temperature 20 °C polypropylene of pellet 
which is manufactured with theWorking Example 2, making use 
of multifilament spinning machine which is similar to Working 
Example 1, acquiredthe unstretched fiber of approximately 4 
denier. Ratio of crystal which is included in this unstretched 
fiber was 8.4 %. Next, heater tenperature 130 °C of feed 
speed 30 m/min , feed roll temperature 90 °C and draw point, 
drawing wasdone under condition of draw roll temperature 110 
°C. maximimdraw ratio could arrive to only 7. 5 times, with 
7 times drawing could acqtrireto only fiber of fineness 0.57 
denier. 


[0036] itmme 

HJ£^3-eiHSLfc^U^htt<7)7Kg^PtfU>$, £ 
1 £S$0vju^7<7/>h)6fr&$£El>T, ttt 


[0036] Conparative Exanple 6 


extrusion amount 0.22 gfainute / hole, spinning tenperature 2 
00 °C and winding taking velocity 500 rrririn, melt spinning 
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— >-asi 3 o°c, Kp-p-^aai 1 o o c<o&# 

7. 2fSE#|ZT«gO. 5 5t=-;KD«« 
L fr®Z> Z t tfV 2 ft* o fco 


[0037] Jt80«7 

HJ6^5T*isaLfc^L/^ htt<D7Hu^peu>$, is 

ttSO. 2 2g/»/^ tttiUftgl 9 0t, 

g5 0 0m/*h )fr»»g2 0^T?8iM*#U £|4t 

^g9 0t, &#£<Dt-*-;£g1 1 0°C, KD-P 

-jumm 1 o o c(D*ttT-ei#$fiofco Siss#f& 

7 5f--;^«tt*tL^4Zi3!i<-e^ofc. 


[0 0 3 8] £&^&tfJ±«fflO)&££;r<hft-tg 1 \Z 
[0039] 


it didwith cooling tenperature 20 °C polypropylene of pellet 
which is nHmrfactured with theWorking Exanple 3, making use 
ofnultifilament ginning machine which is similar to Working 
Exanple 1, acqiriredthe unstretched fiber of approximately 4 
denier. Ratio of crystal which is included in this unstretched 
fiber was 9.3 % Next, heater temperature 130 °C of feed 
speed30nYnin, feed roll temperature 90 °C and draw point, 
drawing wasdone under condition of draw roll tenperature 110 
°C. iraxinum draw ratio could arrive to only 7. 8 times, with 
7. 2 times drawing could acquireto only fiber of fineness 0.55 
denier. 

[0037] Comparative Exanple 7 

extrusion amount 0.22 gfainute / hole, spinning tenperature 1 
90 °C and winding taldng\docity 500 
it didwith cooling tenperature 20 °C polypropylene of pellet 
which is manufactured with theWorking Exanple 5, making use 
of multifilament spinning machine which is similar to Working 
Exanple 1, acqiriredthe unstretched fiber of approximately 4 . 
denier. Ratio of crystal which is included in this unstretched 
fiber was 0 %, the entirety was * * jp8 mosquito crystal 
system Next, heater tenperature 110°C of feed speed 50 
nVnin, feed roll tenperature 90 °C and draw point, drawing 
wasdone under condition of draw roll tenperature 1 10 °C 
maxinum draw ratio could arrive to only 6-fold, with 5. 5 times 
drawing could acquireto only fiber of fineness 0.75 denier. 

[0038] Collecting result of Working Exanple and Comparative 
Exanple, it shows in Table 1. 

[0039] 
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[Effects of the Invention] Ultrafine polypropylene fiber of this 
invention melt spinning designating composition which adds the 

crystal nucleating agent to specific polypropylene as under 
gradual cooling, altitude drawing theunstretched fiber where 
crystal content which is acquired is high, is polypropylene fiber 
which isacqirired, fineness is ultrafine under 0.5 denier. 
Therefore, as for nonwoven fabric which uses ultrafine 
polypropylene fiber which is acquiredwith this invention, with 
battery separator application liquid retention capacity improves, 
with filter application thedust collection and filtration 
capacity improve. 
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